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Team CARE model: Assessing team dynamics in first-year engineering student teams

Introduction
Educators in engineering disciplines have traditionally focused on creating professionals who are able to solve a variety of technical problems. More recently, there has been a call for the development of process skills or "soft skills" that are used in the application of knowledge 1 . One such skill, and the focus of the present paper, is teamwork. Given the increasing complexity of work, nearly all new graduates will end up working as part of a team in some capacity. Accordingly, engineering accreditation boards have recognized teamwork skills and collaborative ability to be a critical competency 2, 3 .
Although many instructors place a high value on teamwork skills, few instructional hours and resources are devoted to developing these skills at the undergraduate level. Cooperative learning approaches, such as team-based project work, is often implemented to address this gap. Unfortunately, simply participating in team-based work does not necessarily allow students to develop appropriate teamwork capabilities. In reality, students are unaware of which specific actions and behaviors lead to effective teamwork. Thus, teamwork that is not properly supported may result in conflict and leave students feeling reluctant about participating in future teambased work.
Most engineering instructors are unaware of fundamental research that provides the foundation for assessing and developing students' teamwork skills. To address this issue, an interdepartmental partnership between Industrial Organizational Psychology and the Schulich School of Engineering has resulted in an in-depth examination of factors that lead to better teamwork. Based on a review of the literature and preliminary data collected from engineering students, the Individual and Team Performance Lab at the University of Calgary has developed a pedagogical team effectiveness model. Specifically, the Team CARE model is a developmental tool that provides teams with specific information on the "health" or effectiveness of their team. Team CARE represents four key teamwork skills: Communicate, Adapt, Relate, and Educate.
Our model brings together several teamwork theories to provide an inclusive assessment of a team's current state of functioning. By introducing students to this model we offer them a basis for understanding and developing strong teamwork skills. This paper will explain the model, theoretical background, preliminary data, how to access the tool, and will provide an example of a team diagnostic report. Although not an empirical study, this paper describes a valuable tool and framework for assessing, teaching, and tracking the development of teamwork skills in engineering students.
The CARE model 6 . Because of the interdependent nature of teamwork, conflict is unavoidable 7 . Thus, students should discuss how they intend to approach conflict. Teams that adopt a cooperative conflict management approach view conflict as a mutual problem and seek solutions that will be good for the whole team.
The value of communication in teamwork is intuitive. Typically, communication is simply thought to represent the transmission of information among members. However, the CARE model extends beyond this simple conception and offers pedagogical value by encouraging teams to discuss their strategy, roles, and approach to dealing with conflict.
The second dimension of the CARE model stands for Adapt. Adaptability is related to a team's ability to coordinate efforts, monitor team progress, and provide each other support through backup behaviors. Coordination is an important skill to develop in student teams as it leads to productivity gains 8 . Teams with poor coordination end up duplicating each other's work and waste time on logistical issues which can result in frustration and provoke conflict 9 . Students should also be encouraged to monitor their team's goal progress, which involves using clearly defined metrics to assess progress. Through monitoring, teams are able to identify problems and take action. Accordingly, backup behavior follows monitoring, and entails providing each other with the appropriate support when needed. Engaging in backup behaviors can include things such as coaching, providing feedback, or offering tangible support to other members of the team.
Adaptability allows a team to maintain awareness of changing factors, and such vigilance moves the team toward its objectives 10 . Developing an adaptable team can be challenging for students because each member has different schedules, time constraints, and priorities. Therefore, teams need to integrate their efforts, monitor progress, and assist one another in working toward the team's objectives.
The third dimension of Team CARE is concerned with how team members interact with one another and therefore stands for Relate. Interactions leading to positive team outcomes are driven by several factors such as trust, a lack of personal conflict, healthy fact-driven debate, and contribution equality 11 . Trust is important because it facilitates cooperation, information sharing, and open communication 12, 13, 14 . Relatedly, conflict due to interpersonal tension or inadequate member contributions should be monitored and addressed as it may detract from the benefits of learning in a team setting. Additionally, healthy fact-driven debate is a critical skill to develop as it allows students to comfortably and intellectually discuss the merits of different perspectives, views, and opinions 15 .
Team member interactions are often described as one of the most challenging aspects of student team-based work. Students are typically unaware of how their individual behaviour helps or hinders the overarching climate of their team. Consequently, students need to gain awareness of the interpersonal aspects of teamwork and work to foster positive interactions. To accomplish this, instructors should facilitate positive relations by implementing team charters and contracts, which aligns the team's expectations of one another.
The fourth and final aspect of the CARE model is Educate. This dimension is related to team learning and encompasses exploratory learning, exploitative learning, and constructive controversy. Exploratory learning occurs when a team goes beyond its current knowledge-base to search for new information, whereas exploitative learning happens when teams refine, leverage, and capitalize on their existing knowledge 16 . Constructive controversy is another type of learning behaviour that entails gaining an in-depth understanding of each member's ideas and integrating the best components into a final solution 17 . Taken together, this dimension offers value as it makes explicit three different types of behaviours that can lead to the acquisition of knowledge and improve team functioning.
The Educate dimension of the CARE model highlights the participative and experiential aspects of cooperative team-based learning that instructors strive to foster. Specifically, exploratory behaviour leads students to develop novel ideas and solutions, exploitative behaviour results in well practiced skills leading to enhanced understanding and efficiency, and constructive controversy allows students to gain knowledge directly from their peers.
Unlike similar tools, such as the Comprehensive Assessment for Team-Member Effectiveness (CATME), this tool offers a unique advantage because rather than assessing how each individual is functioning within the team, it focuses on how the team is functioning together as an entire unit. Offering feedback at the group-level allows teams to reflect on and discuss their current norms, climate, and team processes. In contrast, other tool typically have team members rate each others teamwork skills, and this process may lead to tension, animosity, and increased conflict within a team. Furthermore, research has shown that team-level feedback can improve members attitudes toward the team resulting in greater cohesion.
In the following section we provide information regarding technical aspects of the scales encompassed in the Team CARE model. We then present an example of how instructors are currently using the tool in their classrooms.
Team CARE scales
Our assessment tool utilizes several scales in order to evaluate how teams are functioning in each of the four CARE dimensions (Communicate, Adapt, Relate, Educate). For an example of survey items used for each CARE dimension please see Table 1 . All scales used in the current assessment are derived from well established measures that have demonstrated stable and predictable relationship with several important team outcomes (e.g., team satisfaction, learning, potency, cohesion, and performance). Thus, although we have yet to empirically validate the model in its entirety, the variables under each dimension were extrapolated from an exhaustive review of the teamwork literature. Additionally, we have collected preliminary data that support the reliability of the facet level scales (see Table 2 ). Further data is reported in another paper 18 demonstrating the positive effect of a team training intervention on team dynamics in first-year engineering student teams. 
How the Team CARE tool works
We are currently offering the Team CARE model at no charge to instructors interested in using the tool to assess and teach teamwork skills in their classrooms. The team diagnostic tool is available through an online platform that presents students with survey items regarding their team's dynamics. The tool analyzes individual team member responses to generate a feedback report for the team. More specifically, the tool automatically calculates the team-level scores by taking the individual responses and averaging them to represent the team-level constructs. Additionally, instructors interested in using the tool will be provided with slides that will allow them to facilitate a participative teamwork lecture. In the following paragraph we present a stepby-step example of how the tool may be used.
Instructors first input their class list along with each student's email address and team number. Next, during a 10 minute presentation, instructors introduce the tool along with the importance of developing teamwork skills (these PowerPoint slides are provided by the authors). After being introduced to the tool, students are automatically emailed participation invites and are provided with a link to the survey. Each student then completes the online assessment which takes approximately 10-15 minutes. Once all team members have completed the online assessment a diagnostic report is automatically generated by aggregating team member responses and is emailed to the team (see Appendix A). Individual responses are anonymous and confidential as only aggregated data appears in the report. Therefore, the report presents teams with their score for each overarching dimension (Communicate, Adapt, Relate, Educate) and sub-facet described earlier. The feedback report also provides clear definitions of each teamwork skill.
Instructor may choose to facilitate a participative teamwork lecture after their class completes the assessments (again these lecture slides are provided by the authors). The participative teamwork lecture takes approximately 50 minutes and allows students to develop an action plan based on the strengths and weaknesses identified in their team report. During this lecture the instructor briefly covers the importance of each CARE dimension, and students develop their action plan during 4 five-minute breakout sessions that occur during the teamwork lecture. In their teams, students discuss their lowest and highest scores for each dimension and record action steps for making improvements (see Appendix B for an example). Depending on the size of the class, instructors may ask teams to share some of their unique challenges and solutions with the rest of the class after each breakout session. Alternatively, some instructors choose to have teams complete the action plan outside of class time and use it as a graded component in the course. Finally, some instructors offer the Team CARE assessment at more than one time point, and this allows them to examine changes in team dynamics over the span of a project or semester.
Conclusion
We believe that the Team CARE model and diagnostic tool has enormous potential to impact the teamwork capabilities of engineering student teams. First, it offers instructors a pedagogical framework for supporting the development of student teamwork skills. Second, merely exposing students to the assessment provides them with an understanding of the behaviours that contribute to effective teamwork. Additionally, instructors may use the assessment to track cohort changes in teamwork skills as students advance through their education. Another use of the Team CARE model would be in team-based classes that extend an entire semester or year. Specifically, instructors could have teams complete the assessment near the start of their work together, and then use the diagnostic report to encourage teams to discuss potential areas of improvement. The instructor could then have students complete the assessment a second time, near the end of a project, to gauge improvement in team functioning. Taken together, the CARE model provides instructors with an opportunity to diagnose, develop, and monitor teams in order to guide them towards more effective team performance and individual team experiences.
